Ten times the E A2 of the working environment measurement concentrations, or ten times the B-value, obtained according to the Japanese working environment control system can be used to conservatively estimate the personal exposure concentrations in EU workplaces as well as in occupational exposure scenarios of the Regulation on Registration, Evaluation, Authorisation and Restriction of Chemicals. (J Occup Health 2014; 56: 85-92) 
Control of chemical hazards and physical agents in the working environment is of prime importance for protecting workers from health impairments due to hazardous agents. The number of chemicals for which occupational exposure limits have been determined is at most 1,000 all over the world. In contrast, the numbers of chemicals registered with the Chemical Abstracts Service Registry and in accordance with the Industrial Safety and Health Law in Japan were over 130 million by the end of 2012 1) and 62,000 2) , respectively. Although the number of chemicals used in industries has been reported to be several tens of thousands 3) , the hazardous properties of most chemicals have not been characterized. It appears almost impossible for regulatory agencies to assess the true risks of chemicals. Therefore, in 2006, the EU introduced the Regulation on Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH). REACH requests manufacturers and importers that produce or import more than or equal to 10 tons of chemicals per year to conduct risk management This study determined the applicability of Japanese working environment measurements to assessment of personal exposure concentrations of chemicals by comparing both levels of concentrations. Methods: The chemicals measured in this study comprised eight kinds of vaporous chemicals as well as two kinds of chemicals in dust. Personal exposure measurements, Japanese working environment measurements and spot sampling measurements were undertaken in 70 companies. Results: Personal exposure concentrations and the arithmetic mean value (E A2 ) of the working environment measurement concentrations obtained according to the Japanese working environment control system had statistically positive correlations (r=0.732−0.893, p<0.01) after logarithmic transformation. The 5th to 95th percentile values of personal exposure concentrations divided by E A2 ranged from 0.17 to 7.69 for vaporous chemicals and from 0.27 to 18.06 for dust. There was a relatively large difference between the personal exposure concentrations and the E A2 obtained in weighing, forming and bonding use-processes. In such cases, the B-value measured in ten minutes in the Japanese working environment control system, which is almost the same as the spot measurement concentration in this study, is supposed to be substituted for the E A2 value. The Japanese legislative system for control of chemical hazards and physical agents in the workplace is different from that of the EU and the US. The Japanese system is exemplified by "workplace control", which is a risk control system using concentrations obtained by working environment measurements as "area monitoring results". The hazardousness of working environments contaminated with hazardous chemicals is assessed by measurement of airborne chemicals in the workplace. Chemical risk management in Japan is based on the idea of decreasing the risk by improving the working environment and then decreasing worker exposure to harmful chemicals.
Applicability of Concentrations
Cherrie et al. 4) reviewed the studies on comparisons between personal exposure and workplace concentrations that were performed between 1992 and 2002 5−16) . They concluded that the geometric mean of personal exposure concentrations divided by the corresponding data, obtained by static samples, ranged from 1.2 to 8.5.
Although many researchers have reported differences between personal sampling results and area monitoring results, the Japanese working environment control system results can be used as an alternative to personal exposure concentrations and can be useful in estimating personal exposure concentrations in both EU workplaces and the occupational exposure scenarios of REACH if there is a correlation between the two. This study determined the applicability of Japanese working environment measurements to assessment of personal exposure concentrations of chemicals by comparing working environment measurements of concentrations with personal exposure concentrations.
Methods

Measurements of ten chemicals in 70 companies
The surveys in this study were conducted as the "Survey of Actual Exposure Conditions", which was established by the Ministry of Health, Labour and Welfare (MHLW) during 2009 and 2010. The chemicals measured comprised eight vaporous chemicals, (1) ethyl acrylate, (2) acetaldehyde, (3) ethylbenzene, (4) vinyl acetate, (5) 1,2-dibromoethane, (6) 2-chloro-1,3-butadiene, (7) propylene oxide and (8) 1,4-dichloro-2-butene, and two chemicals in dust, indium and cobalt, in accordance with the "Guidelines on Exposure Assessment" 17) of the MHLW. Personal exposure measurements, working environment measurements and measurements using spot sampling were undertaken in 70 companies, each of which either produced or handled 500 kg per year; the companies were selected through a type of control banding that indicated companies where high exposure concentrations were expected.
The Japanese legislative system for control of chemical hazards and physical agents in the workplace 18, 19) The Japanese government has developed "an administrative control level" to indicate acceptable chemical concentration levels in the workplace. Approximately 100 administrative control levels were decided by examining acceptable Occupational Exposure Limit and Threshold Limit Values recommended by the Japan Society for Occupational Health (JSOH) and the American Conference of Governmental Industrial Hygienists (ACGIH). The concept of the "unit workplace" was introduced in order to clarify what should be controlled in the working environment. The unit workplace is defined as the area wherein the airborne concentrations are presumed not to fluctuate greatly or wherein the concentrations are presumed to be random with regard to each worker, even if the average airborne concentration fluctuates. A minimum of five sampling points are selected by random systematic sampling at even intervals in a unit workplace; sampling of airborne chemicals is conducted for a minimum of one hour. The Industrial Safety and Health Act requires companies to conduct no fewer than five measurements of the working environment on two different days. If it is difficult to conduct these measurements on two different days, then the working environment assessment standard, as provided for by an ordinance of the MHLW, regulates using a geometric standard deviation on the second day, i.e., a σ 2 of 1.95, which represents the 90th percentile of the standard deviation value obtained in the research on Japanese workplaces conducted by Koshi et al. 18) ( Fig. 1) .
After the samples are analyzed and a logarithmic normal distribution of the airborne concentrations is estimated from the data, the 95th percentile value (E A1 ) and the arithmetic mean (E A2 ) are calculated. Adding to these values, the concentration-B-value-is obtained in ten-minute sampling if there are some spots where worker exposure seems considerably higher compared with other spots. The B-value is not always measured because airborne concentrations in some unit workplaces are relatively uniform. B-values were not measured in this study. The B-value was thought to be less than or equal to the highest value of the spot samples collected adjacent to workers during the use-processes performed for a short duration in this study because the B-value must be measured for ten minutes, even when the targeted use-process continues for less than ten minutes. When the sampling times for spot measurements are longer than ten minutes, the spot measurement concentration is supposed to be almost the same as the B-value 20) . When the sampling times of the spot measurements were longer than ten minutes owing to a longer duration of the targeted use-process, the spot samples in this study were collected in 20 minutes or less during the targeted use-process. Both the E A1 and the E A2 were compared with the administrative control level, and the B-value was compared with values that were 1.5 and 1.0 times the administrative control levels. A unit workplace in which both the E A1 and B-value are less than the administrative control level is assessed as being in good condition, and unit workplace in which the E A2 is more than the administrative control level or the B-value is more than 1.5 times the administrative control level is assessed as being in a condition that needs countermeasures to improve the working environment.
Collection and analysis of samples
The personal sampling time periods ranged from 8:00 AM to 5:00 PM during a full shift of approximately 8 hours. Sampling in the workplace was conducted within the time frame according to the "Japanese Working Environment Measurement Standards". Spot measurements were conducted at a fixed point on the windward and leeward sides of the source neighborhood through a similar measurement method of personal exposure concentrations of use-process categories, which were likely to have high exposure concentrations (within 20 minutes).
Metals in dust collected on membrane filters at a rate of 1.0−10.0 l/minutes were extracted with acid solutions. An aliquot of supernatant was injected into an atomic absorption spectrometer or into an inductively coupled plasma mass spectrometer. The vaporous chemicals in passive and active samplers (flow rate of 0.1−1.0 l/min) were desorbed in desorption solution. An aliquot of supernatant was injected at the intersections between lengthwise and crosswise lines drawn at equal intervals of 6 m or less. This measurement is carried out to identify the 95th percentile value (E A1 ) and arithmetic mean (E A2 ) of the hazardous substance in air in terms of place and time. Measurement point : When work is carried out near the emission source of a hazardous substance, the concentration is measured at the place and time that the workers face the maximum exposure. : Emission source of the hazardous substance.
into either a gas chromatograph or a high-performance liquid chromatograph. A total of 343 samples of personal concentrations, 75 samples from workplaces and 253 samples from spot measurements were collected. Since some sample results were below detection limits, their values were excluded. Table 1 briefly shows the characteristics of the investigated data: 35 samples of vapor data and 19 of dust data were used to estimate a working environment measurement. Similarly, 95 samples of vapor data and 57 of dust data were used to estimate the spot measurement.
Statistical tests were performed using a 4-Step Excel statistical statcel 2 21) . The personal exposure, working environment and spot measurement concentrations were subjected to log transformation because the values were lognormally distributed, and a Chi-square test for fitness was performed to determine whether data were normally distributed. The relationship among personal exposure concentrations, working environment measurement concentrations and spot measurement concentrations was investigated by Pearson's correlation coefficient test.
Results
Relationship among personal exposure concentrations, working environment measurement concentrations and spot measurement concentrations
Figures 2 (A) and 2 (B) show the relationships between personal exposure and working environment measurement concentrations of vaporous chemicals and chemicals in dust, respectively. Because the dispersion mechanisms of vaporous chemicals and dust in the working environments were differ- 
Values of exposure concentrations divided by the E A1
and E A2 Table 2 shows the percentile values of personal exposure concentrations divided by the E A1 and E A2 which were calculated based on the working environment measurement concentration. The 5th to 95th percentile values of the personal exposure concentrations of vaporous chemicals divided by the E A2 ranged from 0.17 to 7.69, and those for dust ranged from 0.27 to 18.06. The use-process categories in which there was a relatively large difference between personal exposure concentrations and the E A2 were weighing, forming and bonding use-processes for which local exhaust ventilation was set up and wet equipment was operated. Weighing, forming and bonding use-processes were conducted repeatedly during sampling. Figure 4 (A) shows the values of personal exposure concentrations divided by the E A2 . The values of personal exposure to vaporous chemicals divided by the E A2 were within ten times the E A2 , but the three values for dust divided by the E A2 were greater than ten times the E A2 . The three highest values for dust were observed for weighing, forming, and bonding use-processes. The sampling time for the highest spot measurement was 8 minutes, and that for the second highest spot measurement was 15 minutes. If the values of the aforementioned weighing and forming use-processes were excluded, the personal exposure concentrations were within ten times that of the E A2 of the working environment measurements. Table 2 shows percentile values of personal exposure concentrations divided by the arithmetic mean concentrations of the spot measurements (SPOT-AM) and the highest concentration of the spot measurements (SPOT-MAX) obtained in the working environment measurements. The 5th to 95th percentiles of the distribution estimated by the data for the personal exposure concentrations divided by the SPOT-MAX for vaporous chemicals ranged from 0.02 to 1.65, and those for dust ranged from 0.03 to 6.06. Figure 4 (B) shows the values of the personal exposure concentrations divided by the SPOT-MAX. The two highest values for dust in Fig. 4 (B) were obtained for different use-processes than those with the highest values for dust in Fig. 4 (A) . The sampling time for the highest spot measurement was 20 minutes, and that for the second highest spot measurement was 15 minutes. Personal exposure concentrations were within ten times those of SPOT-MAX concentrations of working environment measurements.
Percentile values of exposure concentrations divided by spot measurement concentrations
Discussion
Statistically significant positive correlations were determined between personal exposure concentrations and arithmetic mean value (E A2 ) of the working environment measurement concentrations obtained according to the Japanese working environment control system. The 5th to 95th percentiles of the values of personal exposure concentrations of vaporous chemicals divided by the E A2 values were less than ten, except in the cases of the weighing, forming, and bonding use-processes. Therefore, ten times the E A2 can be used to estimate personal exposure concentrations in most cases. In this study, the spot measurement concentrations were obtained instead of B-values because the objective of the survey conducted by the MHLW was to determine the exposure concentrations of each use-process. Usually, the B-value measured according to the Japanese working environmental control system is less than or equal to the spot measurement concentration because the B-value must be measured just for ten minutes, even when the targeted use-process continues for less than ten minutes. Since the sampling times for the two highest values for dust in Fig. 4 (B) were 20 minutes and 15 minutes, the spot measurement concentrations are supposed to be almost equal to or larger than the B-value 20) , which was not measured in this study. The 5th to 95th percentiles of the distribution estimated by the data for personal exposure concentrations divided by the highest concentration of the spot measurements (SPOT-MAX) for dust ranged from 0.03 to 6.06. In weighing, forming and bonding use-processes, personal exposure concentrations were greater than 10 times the E A2 . In these cases, ten times the B-value can be used as the personal exposure concentration instead the 10 times of E A2 . Substitution of B-values can be applied to the working environment in which worker exposure at some spots seems considerably higher than at other spots. And the E A2 value or B-value obtained from Japanese working environment measurements is applicable to assessment of the personal exposure concentrations of chemicals. According to the workplace exposure assessment rating criteria for exposure scenarios in R14.4.2 of REACH 22) , the kind of exposure data that can be used for exposure assessment is that shown in Table 14 -1 for exposure scenarios in R14.4.2 of REACH. Since personal exposure concentration can be estimated by multiplying the measured value of an area monitoring system in Japan by a safety factor, our results suggest that the data of the Japanese method can be used as data of Table 14 -1, and many Japanese factory data can be used for the creation of exposure scenarios. Thus, the E A2 , or B-value, obtained according to the Japanese working environment control system can be used to estimate personal exposure concentrations as data of medium or higher quality in both EU workplaces and REACH.
Cherrie et al. 4) concluded that the geometric mean of the personal exposure concentrations divided by the corresponding data obtained from static samples ranged from 1.2 to 8.5. This roughly agrees with our results, excluding the weighing, forming, and bonding use processes for chemicals in dust. Several other researchers 23−28) showed that personal exposure levels varied in occupational "homogeneous exposure groups", which were identified as having the same job title, the same location and working environments with the identifiable features. For example, there were 15-fold differences among 95% of the individuals in these homogeneous groups 24) . Rappaport et al. 24, 26) suggested that industrial hygienists should adopt methods of statistical sampling and analysis owing to the variability of personal exposure levels among workers in a given occupational homogeneous exposure group. The Japanese workplace control system requires that companies using chemicals regulated by the Industrial Safety and Health Act conduct no fewer than five measurements of the workplace environment in one specified area on two different days. This minimum of five samples taken on different days ensures that the variability in exposure levels among workers is adequately represented. Our results show that the variations in the E A2 value or B-value and in the geometric mean of the personal exposure concentrations are similar to the variation in the personal exposure levels in occupational homogeneous exposure groups 24) . Because this study was conducted in representative workplaces in Japan, the results are considered to be typical conditions in Japanese workplaces; however, as the number of samples was small, other use-process categories may require further study.
In conclusion, ten times the arithmetic mean value (E A2 ) of working environment measurement concentrations, obtained according to the Japanese working environment control system, can be used to conservatively estimate personal exposure concentrations, except for dust in some use-process categories. The concentrations of some chemicals in dust among some types of use-process categories, such as weighing, forming and bonding, were greater than ten times the E A2 . In such cases, ten times the B-value measured in the Japanese working environment control system, which was almost the same as the spot measurement concentration obtained in this study, can substitute for ten times the E A2 .
